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The RespontP 
1. Drawing ^ 

Applies „ defCTTing ^ ^ Fonmi ^ 

allows the application. rammer 
2 - SequencH_RnUc 

Applies have submitted paper aad computer readable fonnat of 
on August 8, 2000. s "" 6 

3 * Objection to th e Speciflcarinn 

deification is object to because of informalities. T*e objection is overcome 

specficanon to .sen the priority Cain, in the first paragraph of me specification and the 
generic name of TWEEN 20 s 

Applicant. d0 not agree with the Examiner that fce incorporation of references at 
pages a and 4 of the substitute specification is improper for the foHowmg reasons Aco^of 

he^ ft. The reference dtscloses that Comparative Genomic Hybridization (CGH) is a 
corona, raethod ^ since lm by ^ , ^ rf 

chromosomal matcna. of entire genomes is permmed (Boyle « a/.. 1990; Kiev* e, fli 
1990). The comparative genomic hybridization (CGH) methods were well know* to those 
stalled m the art at the time the present apptication was filed. Therefore, the incorporation of 
references for the CGH method is proper and the Examiner's objection should be with*™ 
4 " Re|ection< under 35 TJ.S.P, ff i n. Firrt Para, ^ 

Claims 1 -8 are rejected under 35 U.S.C. § 1 12. first paragraph, as contaimng subject 
matter wh.ch ^ not desenbed in the specification tn such a way as to ^ one sldIled m 
the art to which it plains, or with which it is most nearly connected, to make and/or use the 
invention. The Examiner states that pages 2-3 of the specification disclose that the 
identification of any change in copy number of a target sequence is achieved via performing 
comparative genomic hybridization; the specification docs not enable this form of detection" 
as essential subject matter has been improperly incorporated by reference. The Examiner's 
rejection is respectfully traversed. 

As discussed above, the comparative genomic hybridization (CGH) methods were 
well known to those skilled in the art at the time the present application was filed. A 
specification need not dtsclose what is well known in the art. {Hybritech. Inc., v. Monoclonal - 
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Application Serial No. 09/1 71 «ii 
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cause a specificat.on to f ai , l0 n ^ , *" ^ ^ *~ not " 

la " 10 mvet enablement requirement 

The CGH method is disclosed in Hwrjui Chromosomes. In the CGH method 
labeled normal DNA (control D\'a1 mvW • wtth ^ent^y 
I. 4. Ea,„pl e „- ftt p^,, 

control DNA. H c c „ t0 , DN , isfcj . . . _ ""'"» !> ' ""P"" 1 " '*>"»H. 

uucici are isoiaiedajid subjected to DOP Prp /-^ *\ * 
product obtained is test i)K; n. t . mT , PCR (stc P 4 >^ * e 

method because ^ D i ican „ hlw ■ ^ ° d< * Cnbe ** detelIs of the CGH I 

intotheapplJn '*^*^<*<-***Cm M 

h> bndoed ceD nuclei. Further, A P p lican t3 desenbe the conditio, for isolating the 
hybndtzed nude, The CGH analysis is described in the cited references that axe 
•*»^* refa «« ^- g ^cxa mp , etaughtMtoapplican . on>an 
sfc.led person „ ou , d be able t0 practice the invention. Although the Examiner asserts that 
.he clawed invention is sensi:ive to the condhions employed in a hybridization reactions the 
option of hybridation reacnons ,s rout™ to a skilled artisan and does not constitute 
an undue experimentation. 

Therefore, the §1 12, first paragraph rejection of Claims 1-8 should be withdrawn 
3 - Rations nnder 35 U S r ij.n, ^ nd Para ,, rap ,, 

The Examiner has rejected claims 1-8 under 35 U.S.C. §1 12, second paragraph as 
betng tndefinite for failmg IO p0Int out md ^ ^ ^ ^ ^ 

apphcation regards as the invention. The rejection is overcome inpaiisin ^ of ^ 
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amendments and ^ ln m ^ , ^ ^ ^ ^ 
-mended to de,ete - As t0 ^ ^ rejeclion js ^ ^ 

c^d ! f3Ct ^ ?nnerS * deSCTer3liVe (UniVerea,) Pri ^ ^ ^-Hich 
can btnd ,o many dirteren, sites of a cel. DNA. Examp.es of such primers are DOP or SiA 

pnmers (see spectncati on « page 2. bens 9-11). Wore, the f i ,2, second paragraph 
rejection of Claims 1-8 should be withdrawn. 

Claims 1-7 are rejected under 35 U.S.C. §! 12. second paragraph, as brin- 
incomplete for omitting essential steps. Claim , » amended to included step of 

cdls under ^ hybridi2alion ^ ^ ^ 

omit any essential step. 

Tie Exanuner also states that claim 8 is confusing with respect to just how the I 
^ersre^etotheampHficdDNA. Claim 8 is amended to rectethat a * c^g 

^ b> ' Ug Pnmers *" » - WW cells that have n0 known chants in £ 
thetrDNAs. Wore, the jl 12. second paragraph rejection of Claim 8 should be f 

In vi w of the above amendments, Applicant respectfully requests the withdrawal of f 
rejections under 35 U.S.C. § 1 1 2. second paragraph. $ 

f 

CONCLUSION ffi 

It is now believed that the claims are in condition for allowance and advancement as f 
such is earnestly requited. Should any questions arise in connection with this submission I 
which may be resolved by a telephonic interview, the Examiner is invited to contact the 1 
undersigned at the telephone number listed below 

| 

Respectful ly submitted, S : 



Date: September 25, 2000 . , „ m^vs 

— 1 fff /i^ fACfw 

Albert P. Halluin 1[Re|. No. 25,227) ^ 

HOWREY SIMON ARNOLD & WHITE LLP 
Box Noi 34 

1299 Pennsylvania Avenue, N.W. 
Washington, D.C 20004-2402 
(650)463-8109 
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l will require 2 * 3 hoj, ,cp,,oin 5 on ,h* r.um^r 
of specimens lo be hybridizsi 
W«h.„ s a „ d delecrioa of 

d f^"*' ' OB S Br ■•: 2^. P uUtion U re! 
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C l an ai^cia CNA pros* (p82;-,) to .he an- 
w,* proprfum Iodide (cola, pi a t, S) , «•*««.•>... 



Fiou/a 63. 

Detection of Homeric sequences or hu^an chromosa-r.es 
usinn a oicnnyiates cagonyaeoSd* probs fTTAGGGK eener. 
atcd by PCS (color p(«* 6). (Fr 0 .-n Ijtfo *l a) l»91 ) 




*9t» £.< . 

IB /jena oy fish to 5qi3. me c^W^^^^J^^^t^ne^^^ 
the spnai musclar atrcDhy locus. A^^2^£5'* 

*>C« products from human genomic 0^^^^ 

li 

'# 

COMPARATIVE GENOMIC p 
HVBRlptZATlON 
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TTus action w contributed by P<t *r lie*,, 

Fluorescence in «tu hybridization « 
Imeauon of targeted chromosomes or carom* 
^region* in a highly specific manner ( w ,& 6) 
Utilization of tins technique: for the detecu'cml&o- 
mosomal aberrations on roetabhase spread* andfk L-v- 
lerphase nuclei has depended on the applicatiorfSSf sd- 
afic nucleic add probe* Ttoofe^ *£o aaSSTi 
Sdicmlly beco r«inc;cd lo a limited comber oCScW 
aosomal regions. Furthermore, for routine cwSSa 3 
preknowicdge of the regions that might be *Sea; i0 
chromosomal aberration* in c^ruiin di*cwc bSind^ 

In order lo allow a more comprehensive ujrm of 
tlic cnromosamal aberrations in a r*irticular«a$™ia- 
lion, mulucolor in situ hybridization protocols aSoefcir 
developed chat should permit the detection of Sax in- 
creased number ofurger « gjar^ a multicolor 
mat permits the differentia] painting of all 24lrmrjaji 
chromosomes is often envisioned. However. rWfcse of 
suen a probe set for a comprehensive analysis of ciro- 
nosome sets is likely to be limited ror several n»ons: 
(1) me painting probes are often not capable afSttecc- 
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HUMAN ChROMOSOUSS 




nuar««nc«. YA C 7*s8* J^J^J , 1 ^ w,ua, **« by green FfTC 

, y fGC ' tlCdanninft "^csn^e. Not9 m e overly 7 ^S2 W 

7S*rS and »a g S p be>,**n 7ASE2 and 935P5 (color S ) ^ ^ 
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ing subtle abemtions mv^ivij " t . . 
pons such as snail traasiocatJ i rTar^?*7?f 00,1 rc ' 

in oany c«„ such c^^*' b»i 

.nalvsU has ,o b« carried ouT^S 7 ' f ba . u » i •»* th. 
the Erection of chromosomal ab^ri» ^ " S {3) 
ouelei depends oa the e^fc J^ 8008 * . u """phase 

Recently, an tiu^. iv ?ZZ': ,a 5 nucJ =^ 

thai ; ~« introduced 

chromosomal mTSL rft^r °' »W»»«d 

^ 1992). Thb^SS"" g=*omcs(KaiUonicmic, 

hybridation T plrativc * cno ' nsie 

balances b previously Z2 toa "« 
r>.\A is req£red for rt^SSf, U * eameas « only 
anaL^- -..L ' P 10 ?*"*- Therefore, studio 

ereatly seated. FUrd^S^ a ^ 
even minute amounts of d\>a I possible to study 
censbycombi^^^^^f on, ^ ^ 
reaction fPCRI amnl.fi,-,.- , e ! s * I P ol > lne rase chain 
1993 «d (SpeJche, « al.. 

CGfl could be considered a . ^ 

partial genoxnes with UnlcncZ „ or 

proaeh *i. preLtld' ^° 0 " 
«o~maI co«t«, of ^^^J^f^ 
detail CBoyic et ^ 1990; i^^"* » »7 
Sen«rueDNA of. hybrid =U B.« tat^.'^^" 
»uppna»icm hybridisation io i P rat>c for 

mosome spread c* «e^" X^'*^ Chfo " 

hybrid cell an: delineated m the ^JT" 11 i0 0,6 
complement, and « . bfcSl ffd-nS^, c ^ wnosoln * 
provcn.cn,, of this pnL^Jt?^/!^ 

(Carter et at. 1992). After Do- .orting of a n^TT"* 

• J? * hol!; S«>onuc DNa of cells from o ae sped- 
? tybnd«cd to co.-nplctc chromosome spreads obS 

hybndirauon conditions, all of the srmro W o==7«f 

Z:*7r T * ron,050Ins5 ° r cHrcmosoma! segment! 
are over- or uaderrepresented in the probe, stroMw or 
v«k=r spiais. respectively. are exne^djn ^e ^ 
spondoag hybridization tarje, zcpa^S^^T 

bOity of detecting ampbfiedsiqaences.2su.ell ,s a losTof 
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^«tection 



results on n °™«t 



Uono- 

chromosomal 
hybrid call Una 



Sorted 
marker 
chromosome 



88 88 c J 

88 88 d 



Schema* iBu^lraioo of the rc^e owxno**,,. oBkrf^ 

from r.om«l crib. Thi. „Z^™ Wsmi ' sprMdisl 
4~~. ^ m3u,t3 «" « strong painting or oi*r& 

*3ss enromoBomai seouences that ar » - - ""W 



D^fA anpUfications recognized in rtunor cells hi% } 
^appearance of minute OuonunaJ^SiS^ 

(HSRs) of aberrant chromosomes (or detected bv «w " 
^qu« such as Southern blot^,y^^^ 
detected by reverse punting urina th« genomic DNAerf " 




HUMAM CKROUOSCMES 



PUJimj 8.7. 

Gray-tevw CCD ima se of a metapnase ah „ r h> _ 



the corresponding cell populjtioa as a prob- tv» 
cteacy of this decolor, ^ 6:(cna >» 

« a m«ir ,k ' 1993 ^' Ur * e amplications, for 

example; Mith approximately ?d r«r*^ * * 

nf * « chromosomal targe,! p. e .. ia she 

decreased for example, 20 copies of an arnplicon ™ 
mately 70 percent of the ^ jj*^ 

«MU»Mly eo«at of ««pHeoM more than !00 kb ton. 
lhU e » c ^.» dwrly sufficient ,0 allow a npid ^ 
comprehensive screening for amplifications. 

For a more detailed tad accurate analysis of ia- 
balanced coromosomal material within entire eeaomes. 

baJM " d S SDom!! (such as imbalances of sn.aU 
chromosomal regions or chromosome] gains or IvJZ 

tT%»^ : Prop0rtioas of « Us >. CGH is required 
For CGH. the genomic DNa to be eaely^d c 

bnd,zcd W th diftercntioUy labeled „ omull DNa 



foUo^-.g. called co«w/ CM<) u^fo. luoom - . 
taction conditions , 0 a =^tl ^ 
spreads from normal cell* (see H- 7^ _2™»o*>me 
tro) DNas are detec^^a^?* ^ «~ 
Signal varia^ JT^n^aS^ c^^S 
*S*X Intensity generated by tbVh^,«^!? P,Jlns 

x>n»I imbalances, thi, suacUrdfea^ I v~f^" 
tant. since the source of variTtfoT^ - 7^ UB ?? r - 

siaon and u^t aeceaibuiry. ^ comp ^.' 

the neeo to eohybridize the control DNaT- T?i 
£ieved that the probe DnT SffSSSf 
denatured chromosomal target seouenc^ ^ 
quences -dexrepra^tcd^o^Se^t: 
portion of Uu* par^ overrepr.cJtod £= Z^, 
•uh mora extended coverage. Id pruSS^^, 
on.y te SI D NA « ^ ^ ^3^,^^ 

uon) «U lead to a (ajmo,.) complete eo^erag. o7«^ 
urgct^ th« not allowing the deUction of 

comro) DNA. u performed in CGH. P rS 

aad » a ^.ant rafo of test and control DNA u ioplfr ' 

Ses «^,? 6 cf both DNAs kZ' 

the rules or stochasaes.thu ratio ma* stay c^^, cvca 

;™J! mOSOnUj ^ region « dosc ro saturation ■ 
«*h probe sequences. Hence, comparadve ge^^ 

b^uo, seems to be esscndal for a robL^oS 
de,«un g chromosomal imbalances by reverse £S 
<«th total genomic DNA. " * 

Tett and eoetrol DNA probes for CGH can be la- 
belad ..ther d«e«ly with fluoroeixomes by in^rat 
»l fluorochrome-coupjed nucleotides, oriaWeedTttat 
«. v^tr reporter group* sueb a, biotin or digoxtoente 
detected v«; Quorochrbme^oupled reporter biidms • 
molecules. Wheraa. directly labeled p.-obe* Te jTiL 
snooth signals along the chromosomes, which are pre-" 
fcrred « pnaeiple for aucmcg the sis nal ■ m *J£ im ... 
alang a chromosome, in our hands, indirect ■abeUWde- 
tehM ^"urea yielded highly reproduelbl. r«ute of 
gooa quality Thercforcin the protocols, direct as well as 
inircct labclms procedures are described. Wo com. 
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To,al **n°*nic DNA from «fl* 

to «Mlyt. o»« On A) 

Si- £I_ 

Lib. I DKA 
••9- by bi*Un ? 



TooisenSmic ,Mfr*„ Wnna| 
ooU* (control DMA} 



TT T JT T 
.TTTt. 
U*>»j pica 



PACE 



• suits 
la 



Sipaais on norm*! 
(mnlti karyotype) 



**fleuj» from rtytorfois.d 
Ust ONA 



or paJyaoaitaa <t» 



dolotloM (c) or 

monosomies (d> 



S^»i< from cohybrkfmf 
control DMA 





™^mal tissue (control DNA)ThlZ< , «*wnay labeled DMA flenveo from 
somes. As a f^^tS^^T^ * " rnete ^ 
Ones). Chr^oson*! ^^^^r f ^^^omas is owained (aasne(1 
to ampflgcaion* or k^ST^^ additional within tha tost DN A fie- due 



SI™.< rh0 f ammc - "*P**vely. Hou ever. the rjuoro- 
dhromes can also be used eonvemsly wi-.hout haLoSta. 
the ouaii ty of ths analysis. "ampe. ji S 

«n ° i , a e n k osti '= Varia,ions of tawulte ia CGH 
can only be obtained when the den patio, Q f7h, 
ubiquitously 0=^ «tersper£i ££5* £ 
outness (IRS) within DNA probe, i, * 
pressed. Suppression has to be « comple,^^, 



■J: 

1 

/<** 



order 0 allow an accurate measurement of the flnm*; 

enlly used for geae capping or « cJ^,^^' 

-oatwt CGH requtrw a rather complete sSpmsfei 

of IRS ugmU. Tbu U achieved by urine 

of buaaa Cod DNa. repr^Te^fas^^cSJ 
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fracaon of highly repetitive genomic DNa 
become very co** the prepares of CoU d£x S 

The assessment of differences in i • . 

u»n«ri« ■ I.*-. -.-i.-.TT 00 °* Ou-o^wcoce in- 

aenificnciy higher level or ■cowey^^*^ 

usaai fram the control genome is 1.0. if Ibi c^oaosL 
°ul regton Is balance (disoroic,; oilntS^t 

lrS^ m0C °T ny - 0r taB 'W-'V. 1-3 -hen there « 
partial or complex inso m i« : ^ so OIL 
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« expected for hieherd™, 

Guorocom. hn, s « cuir.bl. foTfh^^Z^ **■ 
imporuw to ciancUrdixc the imoo. , V?T ™ U "^T 
du re .T^ isdet cribedW ^ ^""Uoa proce-; 

<«Uy P uu lush dem*,* oa the •vrntoSETSSLS' 
-mety. the ^oseope. the c*n« ^^^TSv 

manis 00 0,6 •qwpmenl «,« de *] t -*ith -pi^u^ J?-.- 

Laboratory Protocols 1 

FISH prstocolr However, special c^h«,o L *ken^ 
numerous pomb i„ order to obtais good OGH«5? : " 
Tim ptdmcoI. with particular ^phf^fZ ^ 
steps. B described m the following cntK <', 



Preparation of Metaphase Chromosomes 



PROTOCOL 8.4 

Preparation 
of Metaphase 
Chromosomes from 
Peripheral Blood Cells 



Colttmid solution. Prepare «o5 soI^od £to 2*5" * ^ 

IN ADVANCE 

PROCEDURE 
1. 

2. 
.v 

5 
6. 



Afld 5 mJ cf heptneized blood 10 5U raJ of culture medium 
incubate « ^Cbian atmosphere of S% COz for 72 Wrx 
Add eolamid stock solution to a final conceatration of 0.1 us/ml 

iransicr :o 50-mI tubes (poly^yrol) and spin at 200 g for 10 minutes. W 

I 

5 ml of coid ^ uiion to ^ 

Spin a: 2CO f in a cooled (4°C) c«iLrif. Jgc- :^ 
Repeat ssps 9 chrough'lO. 
inaiba:: ifce tube on ice for 30 to 60 mmuics. 

Rtsuspcr.a cells in s volume ( c .^ 0 JS lo 1 ml) of fixative i0 iutlon. 



10. 

11. 
12. 
13. 
t a. 

15. 
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PROTOCOL S_S 
isolation of Genomic 
DNA from Blood 



PACE 1 8 
197 ' 



17, 
IS. 

19. 
20. 
21. 



COMMENTS 

~ ~~ j w^*«4iu. tens SCC31S w Di cnir±»i fo o^.i Z on Midea dc*Alw 

Isolation of Genomic DNA 

REACENTS, BUFFERS, AND SOLUTIONS 

buffer Cl nte): ,^»M T<lUa lOr^KnL „, S 

phenol »t 6S«C «d J| 0 J5 g of hy^fjf; *t* W»"»W>r 200 g or cxyiauL 
Remove the UDOcr.» 0 u e ouspfA« a ri«/i eBan ,J^~*', K . 4* 
ztict scparsuon. Rcp«i 0,;. ^ lim „t\^ ^ «»o« mjwow 

- 

PROCEDURE .8; : 

1 - SSLi ^^^r^iu^ariis?*^ — * — — - J£ ; 

2- Db=rf ^ ,7dT^,^r ^ °? «- Spu. at 400 * ft„ , 0 ^ 7^ ; 

ana fpdn*az j 

X Dtord supemiuai and aOO 1/2 volume of SE buffcr . '0 ' 

pcint ia -70*C wpeniaCMu. Scdcn=ni can ht stored at ■£ : 

4. Add 1/2 volume of S£ buffer. Dissolve ih e Dc il- 3fiei nrtH ^ 1 

cwtr,ru 5 c iubc ' mmutcs ai lcrc Tra ^' "PPcr phase m on^r ' 

6. Add 1 volume of equilibrated phcnol^E. GcniJv r - ' 

• i^^^ ^PPcr '« 5 new ceniririue cube AJd in mi k ' 
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s. 

10. 



Rcdmi iarp 5 twice. 



II. 



— » ■ w U L W ILT Ml 

tip «f wtich ^ £ cc ^iJZ ^ZTj^^T ^ * PiUS < T 
^-^e^Di^u,^ 

DMA. pdk, *fth 70% ^d»£ ^ JEST D T^i *? "P"*—*.^ 



PROTOCOL S.6 
Isolation of Genomic 
DNA from Solid-Tissue 
Samples 



I 



fa^l^iS B ^ ?F i S ^ ^ SOLUTIONS S 

buffer iZL>a otTntSL ^ CPa/C " dttCTlbcd » P^tocoJ 5.4. but nriaj TB* 

PROCEDURE 



1 

2. 

3. 
4. 
5. 

6. 
7. 

3. 
9. 

10. 



Repeat «, p 5 t^r^T P ^ pW m ' ° ew *4 
Afci io ml of cfaloiDionnAsoaaiylaicohoi (2A1 i iw m - 

?r»««ed« s de«ribedmp TO t O o 0 )6^(ne P 9). .-f 



COMMENTS ' 
uoivc^al PGR (s^ protocol 6 7) ^ DNA * at «nf*6«i by 

Amplification of Small Amounts of Genomic DNA 
by the Universal Polymerase Chain Reaction (PCR) 



PROTOCOL 6.7 
OOP-PCR 



REACENTS, BUFFERS, A.ND SOLUTIONS it 
lOx reaaon buffer: 20 mM M s a 2 . 500 sM KC3 100 bM Tris-Hd ( D H 8.41 l m./™! . 

10X OOP pn^rlO^M or Che oUganudeoUOe 5*CCCACTXXjAGNNNNKKaTQTQG3' . 

(1 s - A. C G. cr T) (Tc Jerri us ct al„ 1992) » 
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^'■^eSCCKCElNilTUhYBRIOieATlDHTBCW-kUr- 

DMA i«ipb tt . hohvc genomic DNa from sautl tissue aunnies n fn < ^ N , 

1 03 of tissue r«u] K ia ^^T D*V 10 

^ DN * =>*^ P* t* aliquot <£ M 5££ ^£4LS"T? ° f 

prwocol fiL7. step 4). ^ compare oLninr of tho DNa JX^ZTT^ M ( ~ 

(down » only a few hundred c*IU) or from p^fSn-embed^Tm^^T 
PROCEDURE 

l ' 5°7 o b ^ 1:1 * mt* on ict for a xoul ^ vch^ of so ^ 

ai lo 1 n& genomic DNa Li a volume of 1 to 10 ui ^ x> ^ 

5 ul lOx PCR buffer 

5 uJ 10x nucleotide mumirc 

5 id lOx DOP primer 

AdjuKe4 to 50 *«tfe HiO 
# 125 U Taq. polymerase (should be added last) 

i A* .negative control combine the 5^= iolutiom but without DNa , ; 

3- Overlay rtaoioa mi*air« with 50 ;U of iJn^^ 7**** ^ 

« applied for 10 *ia ut&s ) ^ f « tcaai ofl im^t^ of 73^ . 

COMMENTS 

ooon. DNA. isolated fc» only a few ccUs (about S to 500) is ifficSt £ t££33K : 
D^t-^pUSaaon ( SIA ) cscld be used (BohUndir « ri_ 1992). It .WdSta 

*ould b« ~cn>. PCR « aaion >nd pgr ^ raU5[ ^ prepa^^f^*? ; 

roo=s. Finally. , ncgitvs coBTCl should ajwa^ t« included in ttc «p5^T(«^^ = 

Probe labeling 

Nick translation h the most fre^-.tlv a^li-d f'^Z b «. b * t * een 500 «d 1000 Budcoticfa 1 



PROTOCOL 6.8 
Biotinyiation of the Test 
DMA by Nick Translation 



HUM AM CMR04JO€OU£S 

REAGENTS, BUFFERS, AND SOLUTIONS 

Salutio= of tic test DNA to he labeled 

0.1 Mfrncrcwoc^not Aid 0.! 1 of ft.nocap.oc**,,, to M.4 », « .tarti^fca 

lOx nudwaie node coonming 0-5 mM dATP 0_S mX* ^r-n> ne w , '*>'" 

• ^ oj2 ^ ottp ^-^.^^ii,^!-^ 

Escherichia cofi DNa polymerase I 

, DNase 1 solution 5 mr in 1 ml 0J5 M Nad. 50% flyceroi • X 

Column buffer. 1 0 mM Ttts-HQ. pH 5.0. 1 mM £DTA. 0,1 % SD3 £ : 

^ «pm c©Uumu:Sephod« G50 Imed;*^ l^i ^ , . ^\ 



EQUIPMENT 

^tater bsih, which can be cooled to 15*C 

G«J electro pharc^s to analyze the reaction product 



2. 
3. 



PROCEDURE 

(Fon lO^uJrMaioDaltowtnschcUtttUncorz^crfprc^DNA) 

Ificubate for 2 hours « 15*C r| 

a. hw optimum hybndizerioij conditions the orobc rw*»i«-K ~ . 3& 

o. IMhc probe sea BUirier.:.u<a more DNa«l incuBaleairS-Cf.«.™n_K ■ .. ^ 

4 K ? ' hC PrDbC * ,3J l!un 100 kb » sun «te region ag^in .Jfi, 

S W% SDS J^^L^ 5 - 2 * Z ° S M ED ^ A (fiM) »"«"™ion 10 mM) , ft, 
l0^^f° U C ° nCCna " ,0n 0J %) " e •*«• ™ °* mix Is nsated ti STCte 

** ! ack ' yiB^c -iih wliai^cJ glm wool bp to ike 0.2-ml ^.^ ■.. „ I- ■ , 

£? fJt.'° 1 " nl rairk - ?ut °" ~ ,um " iB 1 ism ' 

lor 6 mi£ U l« »t room temperature. ****** 

b. Remove nothmugK. HI! ftS3in . and rcp« t eenmTugaUons unfl the rcsU, is ^ 

c. Bcfc.-c aauifuging ( hc probe salmion. pal a smalt rcadion lube in ih= 
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>«£SCENC6 IN SITU HYBRIDIZATION T£CH 

Th* rWUuou S S i> collected in the read ion iudc 3 ikJ coal, in, lh c Ubclcd „ 
CQnc^non or approximately 20 r^. lt » ^ ^ m in . cCH^i^l * 
csn be stored sr -20*C A "«kor 



PROTOCOL S.9 

Dlgaxigenin Labeling of 
tne Control OHA by Nick 
Translation 



Difioxisc.-.:a labeling of DNA probes U carried om in cwflly m - _ 
b.aunybuca by sick translation -r.b on- exception: ft- lOx nud-o^e ^ ^ " 

COfriMErYT 

If DJMaw I h« 10 0€ added several iim« afic, the fi^l dk«ion sler, Oxk rr^~ * 2 1 
«** or protein M „ni«Uon of the DKv In such cJZT^£^£ZE££ 

ua« of 1 hour arc not urusual and win nault in an cfCdau labciin- of T Kr k^T VST^F 
^eved wuh * doi blot amy. which is a simpU cotorimctric assay (proco^lli^ ^ 



PROTOCOL 6.10 
Dot-Bfot Assay to Test 



Labeling 



REACEiNTS, BUFFERS, AND SOLUTIONS 

DNAdHuUoa butferO.l Scared salmon spam DM A. 6 X S5C (I x SSQ a 15MM*Q 

0.0 "In sodium dawc. dH 7 J}) v w-a.iaMX»a. 

Scncs of GUuifan or bicUnyiated standard DNa (commcrci*^ .^a.bte stands JlL_ 

buffer 1 0 mM Tr^HQ. pH 7.5. and 1 mM EDTA 
75 mfrM-.l i»«reblue UtracUun: OTT) in 70% dime thy ifornwuuiie «d so mr/rr ,, c_*_r^, 

EQUTPMENT 

NiCroceiluloM fiitcr 



PROCEDURE 

1- Fut l.^J aliquot of d,c diff««a, <ilu«ioru of nand.rd DNA and. in pa»Ud. W aHro«. 

2- Bakd the Gker at SC»C far 1 hou:. • • 
I' Z\?£\t° T - * 3 ? U h . Wa5t " iU> AP ^ buGbr tof 1 * room lanpvJU 

5. Open las Ufi at one cad, r«nov £ th- blocking solution, ago add a frc^Ar oJILi 

6- iofcc fih*r out of iho pLutic bag and ur«>, i„ a dih wich AP 7 _5 ^ ^ "^L « 
jajnp . u.pc^.r^ by ^ ^ToZZT^Z^ 

7. Seal tfte fiitw again tn a plastic bag. togcihcr wicfa the dcvclppin, TOhitioa: „ . , > _ rr 
added to 5 mj of AP 9J buffer- A^cr eyeful hu^, (do not ^T^!f 

nicc;^ wrapnataUauaJlyX5u> 60 minute ™ W ffici«t. d*^dop- . 
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HUMAN CHROMOSOMES 

After & oniaj. Xhc sssaycaa be evaluated: the calcr inonstda of ihc . „ 



Wh^ iKc oor-biot attay -j carried out io cfcock tht tfcattewia 
Libeled alkij^js phosph*i»si is used (sicp S). 



1 "^^TcnrifiJn 



Fluorescence in srtu hybridization and detection 

For CGH. geoomic DNAi containing abur.dani amounts 
of interspersed repetitive icqucoccs (IRS) ^ M 
probes. For the suppression of unspectfc hybridization 
S^aau rising from these sequences, the DNA probes 
are combined with an excels of unlabebd Cotl DNA 



and a pra^oncaliag nep is performed aft*- dcnimratw» 
or probe solution (Piakel et at, 1988; Licht^- etaT! 
1?S8). A protocol it given for a hybridaarion volmn^ef 
12 jj that is sufficient to hybrid*. ^ of 13 W*J 



PROTOCOL 6.11 

Probe Mixture 
and Denaturation 



PROTOCOL 6.12 

Ocnaturation 
of Chromosomal 
DNA on Slides 



4. 



REAGENTS, BUFre*S, AND SOLUTIONS ^ 
j M sodium acewtc. pH 5.2 ffi 
Drio^s rc^mic (n^o^ bblogy grade, ^ fe" 

H, o»tadc= bufa 4 x SSC 20* dormm sulfate p,.^ 20 x SSC „d 50 % d«=L 

«* 400 ^ of douW^,^ w s u,CT» ^^^^ ° fS °* d "»~««£. 
PROCEDURE 

I. Cambist 1 M of bbded te» »nd control DNA and SO inn i"'* 
naoac »=sb the pelto by adduj 500 of 70% ^^^^Z^^J^ • 

proceed ^ith denuuraoon or DKa on the aide (protocol 6 12} u,eiAl W"*ep. 

«d p^,« i !,„ s of ^ proS>e jr 37>c for 20 10 30 m;-a«^ ,n0thcrS "Tf* 

^. ' 

REAGENTS. BUFFERS, AND SOLUTIONS ? 

Den attrition solution: 70% diioniz=d lorm amide 2 x <S<sr *n «vx 

Ict-cold eihauol: 70%. 90%. and 100% 

PROCEDURE V 

*■ sss on sUd " for bybridiation and ^ 

2 J^.* 14 - SUdW ^ ^ OVcn 11 d(rC o-naturatioiL This will prevnu rtff T 

, ^ Dc < £ 3!a .f c ! n lhc ^n^iuration solution when ibc slides arc aoJST^ 1 

Before — Mur^Don. checx the tempera rurc of the d^tumUon soluucrn ^tt^ 

4 ' Jl^,^ Prc-^ned ^<ie, (no: more than three at a lime) into t he Coolin 

^l^ e $Ud£S fnl ° °»** ia « ^ 7 ^%. 90%. and 100% etW foB 
o. After air drying, the Hides ire ready for hybridaatioa. 

rf^t? * C ** T ~* Xhn U n ° C ^ ffidtAt - cfflci «» hyoridfeatioQ caitnoc be Performed o«iv 
tT^i^™"™ ~* ^ ^ cousin* ^ aSK^T* 
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PROTOCOL 6.13 
Hybridization 



PROCEDURE 

denatured chromosome* os the »Iki*s. P* c *waieo probe to che • 



PROTOCOL 6.14 
Detection 



REAGENTS. BUFFERS, AND SOLUTIONS 
^ » A; 50% fore amide (iaexpenrivc md e \ 3 x £ SC1 oH 7 0 
Wash setuuen B; 0.1 » SSC pH 7.0 P • 

Wa*K loluuon C * x SSC 0.1 * T~«n 20. P H 7 0 

Washxdu-JooDra >c SSCC05%T«ve«i20 . T 

^iing wi.aion:3% BSa.* x SSC 0J% TWeea 20 *» 
Detficten buffer 1% BSa.4 x SSC0J% Twwn 20 ' & 



PROCEDURE 

During ih- entire protocol the slides oust not become completely dry 

. arttr^ss^is«i 7"*: 

wish ;or 5 mbuta OxS Chi ^^^^T^ C ? B ' 

COMMENTS ; < 

In encirai- lo the hyhHdiziticn conditions rfvea above, lover r«r™, ^ ' 

Cell dna have beer. ^ succc^v bv ot^^^T^^^ rf ^^W^- ' 



u. 



HUILOJ CHROMOSOMES 



Image Acquisition 

UMal •prtior K «» a . microscopy , ad I Luges are «. 

justed by aug^ 4. foeuIftd , ^ 
nurror mage. The U s bl wur« Aonld b. centered £ 
order to faeil,^ a homogcr.cou, U lum i„ a UoTco^ 
wiJun me unage is increased by doting the field dia- 

. >=nt-„ »-u. aeiscove tor each of the 

tiUOTochromcs (single bandpass Biers). 

At thb step, in many asm^ ^ ga,^ - 

and I of e.urc chromosome,) of the tumor caobc 

readily detected by visual inspection. Furthermore a 
rough assessment or tie quality « ^ hvbr Xtion 
"PKiacat can be made according to the following cri- 

• When tumor or test DNa is derived from a ma J, a 

• -guar s*a,rur. e of the X ebxomosome should be 

" SS2S!^ d staWn e oulsid ' »«as occupied by 
chromosomes or nuclei should be minimaL 

fer a comprehensive assessment of all chromosonul 
unbalances present to the tumor genome. a qu^atarWe 
if-d .MJy.li of Quoresce^terSSe! 
are necessary. For this purpose, digits* i^ s « have to 

1957). Exposure omes for each fluorochrome have to be 
aelLl d3 T mC ran ? £ of camera All opti J 
.preads acquired tor a ring]* ^ r,, OUr 

CCD Camsra - "P° sure i" ^ 

rhodamnc tmages. For the quantitative evaluation, spe- 
cuJ 1 care hes to be ukcr, to mc . btJe 

wth no or very few overUpp mi , chromosomes. 
Evaluation of CGH Experiments 

Since CGH is a fairly new procedure. the modes or evalu 
anon are still the subject or ^^^Tc^i 

T^Zf^:™ te »«««nr to attain a-reeman 
on gen.rally accepted cnisna for standardized evali;. 

- '« «; If h- ' £Va,uacon 0* oone on direct lev- 
^orsoph^c a no t w m ch.i„ g4nerUcoiri!ativl ^ 



l=vel of precirion regarding the obtain da ti .-n« ta «n. 
u S »:or .hould be mn of the difference in ,k! 
of th. .va.ua.ion obttioed bv vi^^^*^ 
qu^titaave Beasurem.riu. WWcas tJl2Z?,ZJ: 
-ch « serening for po^brJ^fi^V^ 

applications require an analvris of ehxomoso-^ 
aa=« that is M complete as possible. ™ oso - al 

In a good CCH experiment, imbalance, rcwlJ ^ 
from gro« ebanges of chromoso^ oate™! are 
vwb ie under a fluoresces microscope. Ra- 
a rnplifications are sees a nronj dotifke stimals 
6:7 and 6.12). acd the complete .aTo" ?S£2S 
re^on u immediately visible, since Ote cnrrespoodiaE 
come pamted. As fluorescence sienaJs wfll fade flrn^ 

l^erexa^UorAitismoreco^en^^uS 
mzed .mages of the FITC and rhodamine fluoUee^ 
and to perform the vtsual comparison ofthese^^ 

and D). In » comparative study, it was shown that it b 
p^DletoanalyzeeomplexefaxomosomaJimbalaneesbr 
Miff*" 1 mSS T :li0a ° f im * 8e$ (Du Minoir etaU 
aad suede unbalances could remain unidratifieil^ 
veual inspection of ima £ « can be faeiliuited bv 
tpp jma ; vanable thresholding or pseudccotoriaueaS 
the test DNA usage in order to visual^ mtensiry dS^ 
ences ror the observer's eye. However, it shouiTbc 
noted that these procedures are not eguiC^nT^, real 
Quaatiunve measurement, and certain., ar^ot cotrS 

control DNA signals. ™ 

mI D !^ Ima2 « 0btaiQsd for »>ybridired test £4 
DNA can also be overlayed e 1 eerro n i ca Hj,^ 
ralang a an image m which either mired eoloxs fKp 
panel E) or ooly me most intenaive of the two 

ability to assess unbalances by vis ui | mspc^^ « 

Q^nntativemeesuremenuoffluoresceneeinuaast:' 
Uea clearly „c required for in ac=urat6 CGH aoaW , W 

low copy number ehanges. eapeeially if they £T£ 
preaent » the vas, majorilv of eeBs . FWthernore. S 
type of analy« is indispensable in complex eas« h«W 
bom, m-Jllipls DNA gains end losses. 

Several software applications for quantitative CGH 
•vaiuMon are currently bemg develo^d u^ing diffe^S 
uuoimtne srrate^es. However, several rcquircmcr.ua™ 
c-uaal .0 a reliable evjiluatiOD, induain- 



1 



■to: -definitton of objective criteria tor the seieoioa 
af «5M prcparafons adequaie for Quandtadve 

}- Chrcmcsome stgmeniaricn. 
3. Huorescencs background estimation 

Criteria for the <j e n n ition of ihe central value to. 
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figure 6-3, 

Oe;eaton ot cnromasomai im- 
balances oy CGH anc aipliaj 
image ans^sis in a prosais ru- 
mor. (A) CCD <ma$e or a ncrm*. 
maiaphase sareaa coumc.- 
suined wftn Oapi a, aijaw 
mosome ioemiScaiiaa (3) Digi- 
uJ inversion o« the image showr*. 
in A. Thk procedure prides a 
Ending partem ' resembling 
dassical G-banding. thus facfli- 
tafing id&niificauan of the chro- 
mosomes. (Q Hytaricfizaoor. 
pae&m oi »*©tin-lab»l«i gen- 
omic una oenvad from prostate 
tumor caUc. Tha hybridized tu- 
mor DMA datactcd via 
F1TC. Using an appropriate chv 
g*e bandpass filter, a CCD im- 
ago of onkf the RTC fluores- 
cence siaining was obtained. 

gray-oca i a image was then 
digitally pseuaocolofed in 
green. Note the differences in 
fth* staining intensities among 
'•■ individuaJ chromosome 

: ; arms. (D) Hybridization pattern 

• ot ^ control DNA labeled with 
t digoxigenin and detected via 

• mcdarnine. The image was ob- 
airtea as indicated in C. but 

; Dseuaocoiorea in red. (E) 
■ ; Mixea-co*or image obtained oy 
f aigitai overlaying erf ihe .'mages 
..' shown in C and D. Greenish col- 
ors indicate cn/omosornaj se- 
quences that are overreore* 
sen;eo ere radoisn color 
sequences that are underreore- 
ssnted in the tumor ceils. (F) 
Chrevnosomal gains and losses 
AS indicated by a ^r^c^ota* 
lookup tab!© in a ratio image. 
Gains ana indicated In green, 
(o«es am indicated in red. antf 
the normal chromotomaJ com- 
plemam is indtsatad in whito. In 
pdncJpie, this to-.aga represents 
a transformation of the intsn&ty 
ratio profile («* Pig. s.11) into 
irvee coJora (eoler plate TO). 



PACE 24 /2S 

'205 * 




4* *^ ~\; 





HUMAN CWROUOS0U6S 



dieauve for a balanced repraseniatioi c< a sptdfic 

Mirosaosorr.q: region. 

5, Tne de&iiticD of thresholds for cnb>!anccd s- fi . 
menu presen: in low.r or hlvj^ar copy Dumber 

In the follows. principle* of on. fp^Ibced 
sofrwart noplicatfoa (Du Manoir ct at, ip?4) are briefly 
outlined. After sclscung suitable image* 3ad strata 
tion, chromosomes and their orientations are identified 
mtcracnvciy (sec above). Fluoresce mt entities are 
then measured for the FJTC and rhodamins imaees 
along th= «cs or indmdu*! cht^mosoma oi* e J bv pi 
wacre each value represents the mean of thi values per- 
pendicular to the chromosome a*is. The ratio of the fluo- 
rescence intensities « calculated and a V^o profile - 
aloneinaivxdual chromosomes thereby .cnc^icdTsucfa a 
SSl^ tnnsr ? nncd ^ a ^«^olor lockup table 
*bere different colors are issued to over- or undcrrep- 
resented, as well as balanced, chromosomal sequences 
[seiKgs.&^and 6.10 (color platen)]. 

Owlo* to sU*hi variations in hybridizadon quality 
among different metapruse spread the average of 
Aes* ratio profijes over several rnctaphas* spreads 
(usually 7 tn 10 ) is necessary to d^SyTbaT 

6.11). For the dctecoon of such imbalances, a high sens£ 

T*ftT tit ? L P 8 ™^ dc ?^ largely on the 
threshold enters selected; in our laboratory a fixed 
range ^threshold (axed ratio values defining overrepre- 
scouuon fc.3-. 1^5) and underrepresenladon fe* 



£ ^ *>* «.,. 
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P»9ure G.10, 

Karyogram of the m^taphsci? s pr9 jd s-hown in - g . 6.9?. Tn* 
chromosomal gain* (green) and loss*; (red) in tni £ wmor can 
35 recognijad in a comprehensive manner. N:^ the high 
ccnsTOncy of the ratios for both cK-^oson- hoc.Dlooc 
(color plate it). 



these tnresholds. abemoons should be detected if 
are present m more ti»n 50 perctar of anTr" ^ 
be, cba.se, * .owe, proporK ce^TocT 

Aa altemsnve U sutisticaJ rHietioidj based on aT^l 
culauan of the v^biKty of the .v-e^Trttio Sr Sf" 

a considerable mcxease m sensrtivity. • ^ ; 

Equipment 



Microscope 

I* CGH analysis, an cpifluon^cc microscope 

«ble. which is : eaencw for ibe subsequent ^^JoTof * 
images from che same metaphase spread. AjTmajor ^ 
Phcrs provide eood^uality devices sufficient far COT v 
apphcauoos Depending on the microscope r^ a ^£ 
-•art mercury lamp may be necessary In orterroototo " 
«ffidenay intense and hom^eneL 

uon pa^uray « dearaole lo reduce the blurring ^fav 

a 63x ob)earve [ultraviolet-transparent. pi^SS?" 

P Metaphaas tprftads axe sufficiently Iar RC fox * dt% * 
tailtd analysis of smaU chromosoxnal subregioUlnd yt v ' 
are small enough to fit within 512. by 512-pixel toar^ " 
rcqtarsd by most iaag^nalysis software. 4C qui-i - 

aDon is performed using narrow bandpass filters- s3et>^' 
nve for the fluorochrom« used. Aj M verul tmi-e* « t ■. 
taken consecutivdy, a minimal pixel shift shouid'be the ? " 
aim- This misbtbc achieved by n fixed o^cbroic aj^ triri. ^ 
Cmiaioa nhcr c moving excitation fflt«k j 

Camera . J 

Currently, high-quality, black-and-white cooled CCD 
cameras arc used by various groups developing CGH. It 
is not clear whether a color CCD camera has any advan- 
rage tor this application, aa only the intensity of the ■ 
fluorescence needs to be measured. Since spoctrtil scpa. ' * 
ration is not opdmal in any type of color CCD. it may i 
even be inferior to bbek^and -white systems for CGH. 
EssentiaJ requirements are a v^ry homo-encous camctm 
target response and niiniraal shading. As only a hieh 
sensirivir>-, not a bifib dynamic ran S c. i* rcqiHrcd far 
CGH. even lower-quality cameras may be adequate. 

Software 

The basic ideas behind software programs desicried for • 
Quantitative CGH imzec analysis are outlined above , 
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Figta? 6.11. 

Aveogo grron-t^r*d fiua^^ r^ 0 ^ 
ter hybridation wfcn DNA£rom the prostate cancer 

plotted along each *ng<e chromosome (mean of 10 
metap**** sprPMs antfy^. Th* me*n intend 
ratos (central fine) and the thresholds for over- 
r^pr^uajion (right fin*) and uncten^c^tion 
(Wt Sne) are shown. These thresholds wer* calcu- 

.laud on the assumption that at luct 50 percent o< 

the cells carry the respective chrtvnosomal imbaj- 
snce. 





18 . 




. Several nsquiremeats should be met by weh software. 
, Quality cntefla for the seUction of taJ^T^ 
more unponant. for «e rejecaoa of hSS^taSS 
be oCuded. Furore, tte JS^^ES 

spr^d* Most nonoveriapping chromo£ooes rf 
alphas* g^d thould be ^e^ed m , -^-^j " 

representor of chromo^mal =iat*rUl i„ 

Troubleshooting 



c d 3' *» a nwrkedly weaker stamina of ch* X 

spe-Utd. mhomogeneous stainiag partem or hirfi hSr 

^ ths quanntatove image analysis by au,^^ 
aeal of vanauon within the ratio profllW^ *^ 

«-al ^^'f^^ re£UIU °» be attributed to *». 
« » good hybridation expvimem te thecS S 
n «dx to be tened. If co d hybridi**^,^^ 
^-pr^arauon procedure «aned. Although iap^ 

Wmso on optimum slid*, vrfthout any oretr^mJT 

P ett f" « Probe DNA prepantioJSaT^ 
coo^natcd^ri high amount, ofpTotcin^ioT^ ' 
pna,c«„ rf the labeled probe fra^ 0 ^^; • 




HUMAN CHROMOSOUES 



o^tixaioo of s/np;rfiea se- 
quences by CGK. (a) Direct 
photograph of 

cpmad that was hybridised with 
DMA from a maduilohiastoma 
contain.'^ an arnpCficarion on 
chromosome 8q. Because only 
* few Xumo< avlif wans availably 
for Ws analysis, the tumor DMA 
ampirfia<; by a urwerwJ 
polymerase chain r~»r+icr. 
(DOP-PCR: sa« text). The am- 
ptrficatton on Sq is dejrly vis- 
Ux». av«n fey direct visual 
trwpecSon tnrough the micro- 
seope. (S) CCD image of a 
moaphaso spread after hybridi- 
zation of tnt «me tumor DNA 
a* indicated in A. In addition la 
the detection of tha ampCfica- 
Uon signals on chromosome Sq 
(arrows), an oven^resernaoon 
of chromosome 3p ana an un- 
^emtpfeseniatroVi on 170 also 
Become vtstote when me CCD 
camera Is used. (C) Avenge ra- 
tio profiles (ooca/nea from io 
^etauhases) or m e enromo- 
somes anected rn m 9 msdu!- 
lobtastoma shown m a ana b 
(color piaia 12). 




C) 
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L^tf^r 1 out5ide of 

mg panem in r egl ons that.in fact, are over- or uruLr-p- 

each labeling procadure. 

.r^fi"* 1 ™" t0 converuio ^ F^H experiment 

fluo-e-coace m the area* ^hcr* no chromosomes or nu- 

d ° 4 hybridation expen. 

meat useful for z CGH analysis as ev C „ * ^ e^ of 
hnibc and smooth staiiang, cvaJuatioa of the experiment 
«n be : «ve«ly impaired T*is may be the re^Tof (1) 
.uuffiGsent fupprcRoa of repetitive sequence, or 2) 
.ahomogensous illumination of the optical field. Insuffi- 

rauos in chromosomal regions with a high content of 

viduals such as chromosome IS. Strong stainin* of the 
facicrcchiomatin block, oo chrcmoso^ 1 9 i 6 % nd l9 



can mtoM , poor suppress An bcrea^d amount of 
(Uie law being less etrecrive) can be used to IS 

^nn^ l V UPPre5$i0n ° f Si2naU 10 thcSC rc ^OnS Of the 

genome. Good suppression wiU result in very low FTC 
and rUodamine fluorescence iaiensiaes of the hctcro- 
cbron^auc enromosotne repons. Thus muiure absolute 
vananons of fJuorescence iniensities may cause *zo* ra- 
tio van«ions within these dromosomal regions! Consc- 
qucruJy. they arc excluded firorn evaluation. 

Irihoinopneous iUummation of the optical field 
I«ads to considerable «gion a | vnri^ionp wichip the raT^ 
image that render a quantitative evaluation of the CGH 
experiment completely impossible (see, e.g_ Da Maocir 
et aL. 1994). To overcome thi* problem th« Ughi touree 
of rhr microscope has to be carefuUy centered 

Since a wide variadon in cbromojome leoffUj may 
considerably impair the spatial resolution of the aver- 
a 5 eo rauo profiles, chromosomes of similar lengths are 
required. 

Si should bt noted that, apart from these experi- 
mental conditions, the validity of a CGH experiment 
critically dependi on the perceata^ of cells carrying 
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chromosomal imbalance If ao saitl or I osl « of 
mosomes. are detect, a* could be dut^lo*^ 
porx.cn of tumor «!]» vfchfe d,..^^ ST 

crucal to , n y type of CGH anaiytU, °««to.-y « 



often used, and a recent smdv h« „ °y "An Is 

of DAPI bandin, fe^X^f, ^f^"" 1 



Future Prospects 
Methodological developments 

Comparative soj.om.-c hybridation combined wi«h r,- 

rnent of genetic imbalances in any rypc of™ or^IT 
many of which have not been a a~Jb!c " ™L^T 
analysis using other methods, cytogeaeuc 
. Several groups are developing sofrware D -„~,„-. 

. u «u c .. -a.aautin. in most of these nro- 

grams. ,he entire chromosome length is applied £Ta 
pa^rn.rer lo calculate the subchx^^"^ 
a sujnal or a sujnal variation without rerereacew rStT 

the toteraanonal System tor rtonMo^oM^No- 

' r£ n ™ ' ^ e *°P m * * ith *« f™fi>e of a particuta? 
2S?b^2L*H 0rdCr W l Mri « n Pr0file Shirts teehiomo. 

SL^SH*""*- ^ 'V* 1 " ^P=~°' * define 
standardized iae OS ranw with accurately aaexttd b S nd 

dirtribahoas. a recent publication by Francke (19941 
such schematic drawing which are b Je d o n 
measurements of the leogths of chro^^ bwd ^ 

°m ^ ^rential condensation of chromatin, it 
wffl be hdpful to define rwo or three such iZ^Sol 

-chcm« could be ccncraicd for thc o^crdl lcnph of to 
^phase chromosomes), IS kbi (ex- 
tended scctaphaso chroracsomcs). and 20 mjc (approri- 
mate prometaphase chromcsome^.Tne standardization 
ot such udcojrams certainly is inevitable. Future noascn- 
dature systems likely will deal with these requirements. 

Alternatively, combioiruj COH with simultaneous 
bljMuality banding wflj be of grw UM^utiO^ 
allow an improvement ta ^ sp8e<J an(J rtJoia: , 00 Q a 
CGH evalusUoni. Howwr. based on the specific needs 
ofjhe method this banding should be detected toa 
mode that allows clear distinction fro.-n the Ouoro- 
cbrames used for test anc control DNa. 2a action, ie 
procedure must not result in a band-specific loss cf chro- 



Appfieations 

Aliftoush it might be posrible to ut, CCH f„^,^- 
S rv studio involving cpecie, co^^^ 
u co^dered mainly , uxcful tooJ P for n^^^f 
•«.Th» u «p.aaUy true for thc malvti/of^S^!^* 
wacr. chrome*^ bandia ^ lc ofuT^^J^ 
unpossble, to prfotm. In the few CChZL ^ 
Ushed S o far. nun^ou, new chrotnoS, 1 ^^ 

new d«a rc^E recumnt chro^o*^, 
m «^ors.c OTS id m b 1 y «tcno^^£^£" 

contrast, ctttoerie ganes resulting ftc*ntoe tuw£ 
genes or p ,ns thereot which are fax apTrt uTtbSS 
S e=ome. are frequently touno « a product ^ h^!^ 

w s arwlysa nu,y not refl^ donaJ <£stnbu V^^T- , 
r^erota cells in «tvo (Bentt et al., 1993). Thus CGH* 
Lkcl, to be a powerful method for the r»pid J?*c£ 

.o..d rumors but » hcmMolopcal m*!^^ J^T . 

lo date, CGH has been a research tool erearivftr- 
ciiKatutg the cytogenetic analy^ of many 
U utIJ contnbute to the identification of genomic region?' 
frequently unbalanced in certain rumor types. CGHda* 
«B lead to the inclusion of DNA probed St£ 

»-ZT°t °i ^ f^aato* ^or type by 
oJisr methods, such as interphase cyxo£er>ed^aFi U TjS 
rnore.it is a rapid scratesy fo? «cre«Sn^SS2S 

iocanzauons. Thus other meihods can be appliedtoa 
very spectfic fashion, testing only genes mappine to As ' 
respective chromosomal loci. TnJs prov,^?^^ 
able improvement on the conventional methottin which 
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batteries of probes u-c v~r . 

pends on the ^binty o^I b ^ n ^™=- 
lr a. her-cex.nill difficult to P r=ai«^«icfcSH 

t-chucafly densneini method, is will be «=d „ i „ ' 
one too eni) -if it exhibits clear advances!? ^ 
apphcaoons. One area should he corioS th*fmfc£ 
^censtderabtc importance for U 
a possible to combine COM with a uAiv-rsal p5? ^rZ 
~dure as described in ,bi S chapter. TtaX2oX 
tmtaWs can be obtained even m W^SeT^ 
fining very few cells, such as provided by the^JrT, 
patholojy laboratory ,seeH* « « JZ^J?? . l 2 m °« 

not be sutfiaent ror a comprehend 

veronal tnterpha* cytogcoebes, this troghYtasom^ 

routine apphation for CGH analysis. 

The combination of universal PCR and CGU „^ 
tocols possibly *ill enable ^ to in V~ ^ ~ H f* 0 " 
„,_< - J ™*oie ut t 0 study even single celk. 

ev« dufereat clones within tie same tanoT 
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noo (Lichter ct nl. 1991; R up rt „, lotJ( . 

These probes permit full use ofrhf*™,;^^, ***** 

^.microscope and i3 rtfe*^* 1 *** 

^ej^?^'^^^^ 
senanviry and the possibility it arter^,» ^ ,s 

etnee microscopy to Vistula Zie^J*^ 0 **- 
fluorochrome, with spectrally -dlSSS J£5™ 

Suished: the direct and the indireo rafi^Z.. ^ . 
1993;.Forb t ,th.chem ial ana ^ymaa^^'J^; 
uon reactions have been 0*^7(1^* 

In direct mcriwxfa. the reporter rwlicd, U kM, 

sim hybridization^^ T namc ^^r «fter rWa 

for indirect methods, the prooe im 3* 
element (hapten), which ennb^the 

terrene* indirect. A number of juch b*«cn m^iST 



MULTIPLE-COLORED 
CHROMOSOMES BY 
FLUORESCENCE IN SITU 
HYBRIDIZATION 



JfZZf™ WaS by J Wegaot and j G 

III situ hybridization makes it possible to detect 
nucleic acid sequences In mo^lng^y 
served chromosomes, cells, and tissues. Tie technique « 
based on the duplex formation, under well-defined eon- 
d.boni of a modified sin 3 lc-,.ra n ded nU£ |«ie add frae- 
ment (probe) and its complementary s.quenee (tl « e S t 
sequence) a a fixed biological speedraea. The codifica. 
uoa reacnon of the probe renders the hybrid detectable 
via light microscopy. 

The development of chemical and c.ymaue ffiosK . 

aJow de^caon oy 3.,.-^,. or ae e^yce reaction, 
has resulted in the wide application of ir. situ hybrid^- 



Nucleic Acid Probes for FISH || 

Cif'V ^^ rfn «»^«=acid probes are' currently aM. 
able for chromosome analysis by FKh 3 <^ 
sma U (20 base pate f bp)) ScSrSde^ 
Urge (up to 1200 kflobase pairs (IcbDl) 
nents cloned in yeast anifiSa, cr^n^^^f 
Because thcpresence or absence of inte^e^ircS 
m Ote probes determines .vhethexorrSYS^ 
step has to be included in the FISH procJur. O-zJiZ 
gen. et 19S7 : liehtcr et al.. 1990b; K^TeTJ?^ 
and the chance of repeats bei» s » 
mereases as the coapleriry of tkt »Wir^e««S 
themH^thodology^, of -CSSSJSS 

?£l1L ? ? U P^S« (IS-Icbp in«rt,)!cS 

(«Wtbp mserh), and YACs (up to m bp) dcWfc 

. aTO ,^ t8d ' hi « h - C0!a pl«»«y probe, contain io. 
-erspersed repeotiv. .ecucne Iu =h a , the^ J^S, 
repeats that occur throughout the S enooc Rr ^oJSL 
visua^^or. of the oniqoe element, in 5^235 
:hes» rspcao have » be climina-cd f,„„ • ? "r* 
« :he tn .tu hyhHd^tio., .^JSriS^SS 
preaaneahas ™P- In solution, unlabeled condor 
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